The measurement and determinants of efficiency and productivity in the further education sector in England
INTRODUCTION
In recent years, performance in English education has been the subject of considerable scrutiny. Indeed, there is a plethora of studies measuring the performance of primary, secondary and tertiary education (see Johnes 2004 ), but there is no study of the performance of the Further Education (FE) sector in England.
1 This is somewhat surprising since the sector is substantial both in terms of student numbers and government funding.
For instance, the sector attracted 6 million students in 2004/05, having risen from a base of 4 million students seven years previously, accompanied by a 48% increase between 1997
and 2006 in funding measured in real terms (DfES, 2006) . This expansion of the FE sector is likely to continue: the age at which pupils must be in education or training has risen for pupils entering secondary education in September 2008 to age 17, and, by 2013, this will have risen to age 18. In addition, the Government aims to have half of the relevant age group continuing on to higher education. Furthermore, the FE sector, as a provider of the academic and vocational skills required by the labour market is key to achieving the Government's education and training targets. The FE sector also plays a crucial role in reducing social and ethnic disparities, because the institutions within this sector cater for a wide range of socio-economic groups and a disproportionate share of Britain's ethnic minorities.
The importance of the FE sector is therefore not in dispute. There is also evidence that the performance of the sector has improved in recent years. For example, the Foster Report notes that success rates in exams have risen from 59% in 2000/01 to 72% in 2003/04, nevertheless, the view of the Report is that the FE sector is not realising its full potential.
The proportion of young people staying on in education and training post-16, for example, is extremely low by international standards: the UK ranks 24 th out of 29 developed nations Nevertheless, the improvements in success rates for the sector as a whole mask a wide variation both between colleges and between subject areas. In addition, recruitment and retention problems suggest that staff morale is low in some localities, and there are problems with resource allocation (p16 Foster, 2005) . In consequence, it is recommended all providers in the FE sector need to be brought up to the level of the 'best' (p53 Foster Report, 2005) , and clear, accessible performance indicators are needed in order to allow comparisons and to make improvements (p58 DfES, 2006) . 2 There is no doubt, therefore, that technical efficiency and productivity could be improved amongst providers in the FE sector.
However, the precise level of efficiency in the FE sector cannot easily be established. This situation is made worse by the complexity of the FE sector itself insofar as it is comprised of different types of providers that have different objectives and meet the needs of different groups of students. General FE/Tertiary colleges provide a wide range of vocational courses at foundation and intermediate levels, as well as academic courses, such as A levels, which are the usual stepping stone into Higher Education. Sixth Forms linked to secondary schools and Sixth Form colleges, on the other hand, offer a narrower range of courses and tend to focus on academic provision. Specialist colleges exist to serve the needs of drama, music, agriculture and horticulture students, and lastly the External and Specialist colleges provide mainly further education for adults.
The purpose of this paper is to perform the first systematic study of the variation in the efficiency among FE providers taking explicit account of the complexity of the sector. The data which form the basis of the study have been obtained from the Learning and Skills
Council, and refer to the population of providers in the sector for the period 1999 to 2003.
However, data limitations mean that a complete set of data on students and staff for all years of the analysis can be derived for 188 providers. 3 The time series nature of the data set allows a detailed analysis of how efficiency and associated productivity in the FE sector have changed over time. Our analysis is undertaken in two parts. First, the efficiency levels and productivity indexes of a sample of 188 FE providers are derived using a distance function approach. Second, we investigate what factors affect the level and change in efficiency using a random effects panel approach to control for unobserved heterogeneity 2 The 'best' colleges are identified as those that offer a range of courses to meet the diverse needs of the student body, try to raise the aspirations of students, equip students with the skills needed by business, offer bridging courses in conjunction with secondary schools, and have a 'qualified, professional and highly committed workforce'. 3 Data relating to students and their characteristics can be derived for 516 providers for each of the years of the study. Once variables reflecting teaching numbers and their characteristics are added, the sample falls to 188 providers.
between providers. Examination of the underlying determinants of Data Envelopment Analysis (DEA) efficiency scores has become commonplace in the literature, however, there are only a few previous studies which look at the underlying determinants of the Malmquist productivity change index, or its components, and none in the area of education of which we are aware. This paper therefore adds to the existing literature by conducting such an investigation. In sum, our study offers a baseline view of the sector, and a basis for the implementation of initiatives to raise the performance of poor providers.
The paper is in 5 sections. Section 2 sets out the methodology which will be used to derive the efficiency measures of the FE providers, and the techniques which will be used in the second stage multivariate analysis of the efficiency scores. Section 3 provides a short background of the English FE sector and describes the data and models used in the analysis.
Results are reported in section 4. Conclusions and recommendations are discussed in section 5.
METHODOLOGY

Efficiency and productivity measurement
The distance function methodology is attractive in the context of performance in the FE sector because it allows for both multiple outputs and multiple inputs, without requiring either knowledge of input or output prices, or an assumption of profit maximisation or cost minimisation on the part of the FE colleges (Coelli and Perelman 1999) . A further advantage when a panel of data is available is that changes in productivity growth over the period can also be derived. (Shepherd 1970; Färe 1988; Färe, Grosskopf, Norris and Zhang 1994 ) is defined as: The Malmquist productivity change index is defined as (Caves et al 1982) : If the Malmquist productivity change index exceeds unity there has been an improvement in overall productivity between t and t+1. Values less than 1 imply the converse. In addition, the index can be broken into two components (Färe, Grosskopf and Weber 1989; Färe, Grosskopf, Lindgren and Roos 1992) :
The Distance functions can be estimated using parametric or non-parametric techniques. The former can create specification errors by virtue of the assumptions the researcher makes regarding particular functional forms for the production function, and because of a specific statistical distribution of the efficiencies. We therefore prefer to take a non-parametric approach which involves the solution of the following (output-oriented) linear programmes for DMU k (from a set of DMUs j = 1,…,n): ), λ j is a nx1 vector of constants, and k φ is a scalar. It should be noted that
in equations (5) and (7) since
is the output-oriented DEA measure of technical efficiency (under constant returns to scale) in period t (if calculated using equation (5)) or in period t+1 (if calculated using equation (7)). Note, however, that k φ need not exceed 1 in equations (6) and (8) since points are compared to production technologies from different time periods (Coelli, Rao and Battese 1998) . In sum, DEA provides non-parametric estimates of the distance functions required to calculate technical efficiency and productivity change indexes. While the deterministic nature of the techniques does not allow for stochastic errors (and this may well be a serious drawback in the context of education), this is balanced by a number of advantages. DEA easily handles multiple outputs and multiple inputs; it does not require a knowledge of input or output prices; and the efficiency and productivity measures provided by DEA do not incorporate specification errors.
Multivariate analysis of the factors affecting efficiency and productivity
One well-known disadvantage of DEA is that the degree of discrimination between DMUs is lower the more variables are included, and so a parsimonious DEA model is to be preferred (Bradley, Johnes and Millington 2001) . Some studies have therefore taken a two- 
where jt L 1 and jt L 2 are the lower and upper bounds of the data. In practice, no observations are at the lower bound and so a right censored random effects tobit model is estimated.
While examination of the underlying determinants of DEA efficiency scores has become a common extension of the DEA technique, we are not aware of any previous studies which look at the underlying determinants of the Malmquist productivity change index, or its components. Since the value of these productivity measures is not restricted to fall within particular bounds, OLS methods are used to investigate how M, E and T within each college can be explained by temporal variations in the composition and size of the student body, and by environmental characteristics.
THE FE SECTOR AND THE SAMPLE DATA
The FE sector
The FE sector in England comprises various types of institutions. General FE/Tertiary colleges are the largest group, offer a broad range of vocational and academic subjects at various levels, and are attended by both young people and adults. Sixth Form colleges also form a large group and have traditionally catered for 16-19 year olds taking Advanced level academic courses. More recently, they have broadened both their course offering and their student profile. Specialist colleges concentrate on specific areas of the curriculum, and often have well developed links with employers and industry because of the specialist nature of the subjects taught. Specialist Designated and External Institutions cater mainly for adults; External Institutions also cater to the needs of educationally disadvantaged students.
Most colleges derive the bulk of their income centrally from public sources, which has been distributed by the Learning Skills Council (LSC) since it was set up in 2001. Funding is allocated on the basis of a formula which has five components. The first is a national base rate which reflects the length and cost of the provision of various programmes; the second is a weighting for more costly programmes; the third component is a weighting for learners achieving the programme for which they enrolled; a fourth component is an uplift applied for colleges taking learners from specified disadvantaged backgrounds; and the fifth is an additional amount paid to colleges in geographical areas where provision is more costly (e.g. London). On average, 78% of FE colleges' income comes from the LSC, while 7% comes from fees from employers or individuals (Foster Report 2005) .
In addition to the central nature of their funding, the FE colleges are also subjected to a national system of inspection to ensure standards are maintained. This is in stark contrast to the system faced by Community Colleges in the USA, for example. Like FE colleges, Community Colleges offer a wide range of programmes to a widely diverse student body, that is, in terms of age and ethnic background. But Community Colleges are driven by the local community in which they are located, providing the skills necessary to encourage local economic development. In addition, attendance at a Community College is a recognised and common route into university education. It is these close links with universities which mean that quality and standards in Community Colleges are high despite their being self-rather than centrally regulated.
DEA and the data
DEA requires a full set of inputs and outputs. For FE providers, the main inputs refer to the quantity and quality of students, and the quantity and quality of teachers, while outputs are students' achievements. These are measured by the retention of students (the inverse of dropping out), and the number of aimed-for qualifications that are actually attained by students. We therefore specify the following DEA model:
Inputs:
Notwp jt the number of students in a given year who do not qualify for widening participation uplift factor Student jt the total number of students in a given year
Teach jt the total number of teachers in a given year
Qualteach jt the number of teaching staff in a given year who have qualified teaching status
Outputs:
Retnum jt the number of students in a given year who have not withdrawn during the year (i.e. they are retained). Note that this variable is measured at student level.
Achieve jt the number of qualifications aimed for that are actually achieved during a particular year. Note that this variable is measured at the qualification level. Student and staff numbers (Student and Teach) are included to reflect the basic inputs to the FE process. Since these variables purely reflect quantity of these inputs, the variables Notwp and Qualteach are included to reflect quality. If a student comes from a poor background then they attract extra government funding because it meets their objective of widening participation in post-compulsory education (see section 3.1). The variable Notwp therefore reflects the socio-economic background of the student, which is known to affect educational attainment and drop out behaviour (Bradley and Lenton, 2005) . The quality of the teaching staff is measured by the variable Qualteach which reflects the number of staff with qualified teaching status.
There are around 600 FE providers in England. A full set of all variables over a period of five years is available for a sample of 188 providers. Descriptive statistics are provided in Table 1 , from which it is clear that student numbers, on average, have been increasing over the first four years of the period, although there has been a slight downturn in the final year. 5 The variables Notwp and Retnum exhibit a similar pattern, while the downturn in the final year is not observed for either the teaching variables (Teach and Qualteach) or
Achieve. These patterns for the sample data are broadly similar to those observed in the full data set (also reported in Table 1 ). It should be noted, however, that variables derived from the student data (numbers and attainment variables) have larger means for the sample data than for the population. The fact that the sample is biased towards larger providers should be borne in mind when drawing conclusions from this analysis. exclusion from the sample data is therefore desirable. It is also noteworthy that, within the Specialist category, the average size for the sample is around 4000 students, whereas the full data set suggests that the average size of this type of institution is just over 2000 students. The fact that, owing to data availability, the smaller Specialist institutions are excluded from the sample, and that only 8 institutions of this type appear in the sample,
suggests that the following results should be interpreted with a degree of caution. An examination of the remaining two categories of FE provider shows that General FE/Tertiary
Colleges are by far the largest type: average student numbers are around 14000, just over 9000 students are retained on average, and nearly 12000 qualifications are achieved. This compares with average student numbers of around 2200 in Sixth Form Colleges, which retain 1700 students on average and achieve around 5000 qualifications.
3.3
Explanatory variables in the multivariate analysis of the efficiencies efficiency of FE colleges. For example, the educational attainment of girls is higher than that for boys in FE (Andrews, Bradley, Stott and Taylor, 2006) , and girls are also less likely to drop out (Bradley and Lenton 2005) . In addition, young people from ethnic minority backgrounds tend to stay on in FE to close the so-called 'qualification gap' (Bradley and Taylor 2004) and are less likely to drop out (Bradley and Lenton 2005) .
The environmental or socio-demographic characteristics of the locality in which the FE provider is located can also be expected to affect its efficiency. The local unemployment rate is included because it may increase the FE provider's efficiency score via its effect on student attainment and retention. A high rate of unemployment may encourage students to stay on, rather than drop out, because opportunities in the labour market are scarce (a discouraged worker effect), and it may lead to higher attainment insofar as students work harder to secure a job once they complete FE. The percentage of the local population with no qualifications is also included to capture the effect of family background. This is crude but it is included to capture two possible effects. First, having qualified parents, which is likely to be highly correlated with socio-economic status, has a positive effect on children's achievement levels (Naylor and Smith, 2004) . Second it is expected that localities with a high proportion of unqualified adults will have students from low income families (average income of the local population is not included in the data set). Students from these backgrounds are more likely to drop out and have lower educational attainment (Bradley and Lenton 2005; Bradley and Taylor 2004) .
It is possible that there may be inter-temporal and inter-institutional differences in efficiency. Some may be a consequence of inter-institutional and inter-temporal variations in the student composition (not accounted for in the production relationship), while some may be genuine differences between types of FE providers and across years of the study.
We therefore include controls for year and the type of provider to capture mean differences between years and types of FE provider.
Finally, it is possible to construct an array of variables relating to the staff composition of the FE colleges. Thus the age, ethnic background, mix of staff types, and the ratio of students to staff all may affect the efficiency with which the inputs of FE colleges are converted into outputs.
A final caveat is noted. The data set does not include variables which reflect how well equipped the FE provider is, such as the number of computers or library resources, for example. Insofar as these resources are likely to vary little over the time period of the study, then the FE panel regression method controls for such effects.
RESULTS
Technical efficiency
The results of applying an output oriented DEA with variable returns to scale to the entire data set are summarised in Table 3 . After a fall in efficiency for the first 3 years, mean efficiency across the FE sector as a whole shoots up in 2002 and levels off in 2003. Figure   1 shows that this pattern is broadly similar for all types of FE provider, except for Specialist colleges. Recall that there are only 8 of these types of provider in the sample and they are not typical in terms of size.
The rank correlations between the efficiency scores for pairs of years are highly significant (see Table 4 ). The lower correlations in the final two rows (excluding the final column) compared to other rows of the table suggest that the efficiencies for 2002 and 2003 are different from those in the earlier 3 years of the study. This suggests that there was a structural break in provider performance from 2002. One possible explanation for this is that the funding and planning system for FE colleges underwent radical changes over this period and this may have affected the data and hence efficiencies for the latter period. Table 5 and Figure 2 show productivity changes (using a base year approach and distance functions calculated on the assumption of CRS), in the sector as a whole and in the subgroups of FE providers. 6 Over the entire period, overall productivity has risen by around 6 When there are more than two periods in the sample data, the Malmquist index can be calculated in either of two ways. One approach is to calculate the index for each pair of adjacent years from t, t+1 to T-1, T (for t=1,…,T). Alternatively, it can be calculated for each year relative to the same fixed base, i.e. for t relative to s, t+1 relative to s, and so on to T relative to s. Table 6 reports the estimates from the panel random effects tobit model applied to all provders. 7 The results indicate that providers with a higher percentage of female students have higher efficiency scores: a one point increase in the percentage of female students would increase the efficiency score by 0.29 percentage points. The percentage of students from non-white ethnic backgrounds also tends to increase the efficiency score of the FE provider. In particular, a one point increase in the percentage of Pakistani/Bangladeshi students is associated with a 0.26 percentage point increase in the efficiency score.
Productivity change
Multivariate Analysis
Statistically significant, positive, effects are also found with respect to the Black minority and the percentage not UK born variables, although these are only significant at the 10% level. These findings are consistent with other research, which shows that girls out-perform boys in examinations in FE and that students from ethnic minorities have a higher propensity to continue in FE to close the so-called 'qualification gap' between themselves and their white counterparts (Andrews, Bradley, Stott and Taylor 2006; Bradley and Lenton 2005; Bradley and Taylor 2004) . In addition, a larger percentage of mature students (i.e.
aged over 19) significantly reduces the predicted efficiency score (a one point increase in Lovell 1996) . We therefore repeated the analysis using an adjacent year approach. The results were so similar that only the base year results are reported here. Full results can be found in Bradley, Johnes & Little (2006) . 7 For comparison, a pooled cross-section model and panel models with (respectively) fixed and random effects are also run with the efficiency score (treated as a continuous dependent variable with no limits) as the dependent variable. The conclusions are the same as those derived from the tobit random effects model (with the exception that the local unemployment rate and the average age of teachers are not significant in the pooled model) and so they are not reported here.
the percentage of students aged 19 or over results in a 0.30 percentage point reduction in the efficiency score), which may be because these students are more likely to drop out.
Clearly, the effects of the student composition are small and difficult for FE providers to manipulate in order to raise efficiency. However, they do imply that FE providers should investigate strategies to improve retention rates and achievement amongst the base groupwhite males.
With regard to the environmental variables, a higher local unemployment rate is associated with higher efficiency score, as expected. A one point increase in the unemployment rate is associated with an additional 1.24 percentage points on the efficiency score for FE providers. However, in this analysis there is no statistically significant relationship between efficiency scores and the proportion of unqualified adults in the locality.
With regard to teaching related variables, the average age of teachers, a proxy for experience, has a positive effect on efficiency, and this is non-linear peaking at an average age of around 45 years. The percentage of staff who are on permanent and fixed term contracts, as compared to casual or agency staff, also has a positive effect, as does, surprisingly, the ratio of students to staff. In contrast, the ratio of teachers to 'support' staff (administrative, technical, clerical and service staff) significantly reduces the efficiency, which implies that efficiency is improved where teaching staff are supported in their nonteaching duties. Also presented in Table 6 The estimates reported in Table 7 are obtained from an OLS regression with, respectively, M, E and T as the dependent variables, each of which are calculated using the base year method. 8 Since these dependent variables measure change over time, each explanatory variable has been constructed as the change in the variable between the base year (1999) and year t (t = 2000 to 2003).
An increase in the proportion of female students significantly increases the overall productivity of a college. This is a consequence of the effect of the gender profile on both technical efficiency change and on technological change. Similarly, increasing the ratio of students to staff increases overall productivity, and this is a consequence of the positive effect on both technical efficiency and technological change. An increase in the proportion of students from outside the UK increases overall productivity, due to its positive effect on technological change.
The size of the college, proxied by student numbers 9 , is included in the analysis of productivity change because these indices are calculated from CRS DEA efficiencies.
Increasing size has a negative (non-linear) effect on overall productivity, and this is entirely a consequence of its effect on technical efficiency change, suggesting the presence of diseconomies of scale. Similarly, increasing the ratio of teachers to support staff (and to a lesser extent the ratio of teachers to managers) has negative effects on overall productivity caused entirely by their (negative) effect on technical efficiency change. In addition, overall productivity falls (predominantly because of a fall in technological efficiency) as the proportion of students aged over 19 increases.
The significance of some of the Sixth Form college dummy reveals some differences between these colleges and General FE/Tertiary colleges in their level and source of productivity change. Sixth Form colleges have Malmquist productivity change which is more than 14 percentage points higher than for General FE/Tertiary colleges. This compares with only a 1 percentage point difference before taking into account the explanatory variables (see Table 5 ). However, the 19 percentage point difference in technological change identified by the regression analysis is similar in magnitude to the raw difference in Table 5 . Further analysis of the determinants of productivity change and its components by type of college is beyond the scope of this paper.
CONCLUSIONS
In the recent Government White Paper on Further Education (DfES 2006) it is clear that poor performance in the FE sector will no longer be tolerated. Providers will be expected to monitor their own performance and improve areas of weakness. Specifically, systems will be created to eliminate failure and help the best-performing providers spread their influence. Moreover, the development of performance indicators which allow comparisons and provide targets to achieve improvements will be crucial. In an attempt to provide some insights into efficiency and productivity in a sector which has hitherto been unexplored, this analysis applies DEA and general distance function analysis to a 5-year sample of FE colleges.
The study finds that mean efficiency for the sector as a whole has varied between 83% and 90% over the 5 year period. This level of efficiency is a little lower than that typically found in studies of the efficiency of non-profit sectors such as the higher education sector where efficiency is around 94% (Johnes 2006 ) and the health sector where mean efficiency is also over 90% (Byrnes and Valdmanis 1994) . Despite the general improvement in efficiency in the sector as a whole, there are still wide variations in efficiency between individual institutions.
A multivariate analysis shows that the level of efficiency in FE colleges is positively affected by the proportions of female students and non-white students, and negatively associated with the proportion of mature students. The local unemployment rate, the percentage of permanent and fixed term staff and the student-teacher ratio also raise efficiency, whereas the ratio of teachers to support staff reduces efficiency. In addition, there are statistically significant differences in efficiency score by type of provider and over time, once other factors have been taken into account.
The Malmquist productivity indexes indicate that productivity in the FE sector has increased over the entire period 1999 to 2003 by around 12%. This is due both to increasing technology change (8%), possibly caused by innovations in teaching methods, and (to a lesser extent) increasing technical efficiency change (nearly 4%), possibly caused by improved use or management of existing resources. Both the level and the components of productivity change over the period appear to vary by type of provider. Sixth Forms and Sixth Form colleges have the highest productivity change (30%) while General FE/Tertiary colleges have the lowest productivity change (11%). In all cases, the technological change is stronger than the technical efficiency change.
These results are interesting because they represent a first attempt at gaining a better understanding of efficiency and productivity in the FE sector. The multivariate analysis of both the level of efficiency and productivity change suggests that FE providers which are inefficient will have difficulty in becoming efficient. However, the results do suggest that supporting white males and increasing administrative support for teachers are ways in which efficiency can be increased. Little can be done by the provider about the local environmental context.
The provider has more control over staff composition and deployment and this may well have an effect on its efficiency. However, the sample is considerably reduced by poor data particularly in the case of staff inputs. There is therefore a need for improved data collection in the FE sector. This would facilitate a more thorough analysis of the possible determinants of efficiency and productivity, and hence lead to the development of additional strategies for improving efficiency in the FE sector. 
